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Abstract. Trinitrotoluene (TNT), a commonly used explosive for military and industrial applications, can cause
serious environmental pollution. 28-day laboratory pot experiment was carried out applying bioaugmentation using
laboratory selected bacterial strains as inoculum, biostimulation with molasses and cabbage leaf extract, and
phytoremediation using rye and blue fenugreek to study the effect of these treatments on TNT removal and changes
in soil microbial community responsible for contaminant degradation. Chemical analyses revealed significant
decreases in TNT concentrations, including reduction of some of the TNT to its amino derivates during the 28-day
tests. The combination of bioaugmentation-biostimulation approach coupled with rye cultivation had the most
profound effect on TNT degradation. Although plants enhanced the total microbial community abundance, blue
fenugreek cultivation did not significantly affect the TNT degradation rate. The results from molecular analyses
suggested the survival and elevation of the introduced bacterial strains throughout the experiment.
Keywords: TNT, bioaugmentation, biostimulation, phytoremediation, microbial community.
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Bartkevičs, V.; Juhanson, J.; Muter, O. 2013. Microbial community changes in TNT spiked soil bioremediation trial
using biostimulation, phytoremediation and bioaugmentation, Journal of Environmental Engineering and Landscape
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Introduction
The nitroaromatic explosive, 2,4,6-trinitrotoluene (TNT),
has been extensively used for over 100 years, and this
persistent toxic organic compound has resulted in soil
contamination and environmental problems at many
former explosives and ammunition plants, as well as
military areas (Stenuit, Agathos 2010). TNT has been
reported to have mutagenic and carcinogenic potential
in studies with several organisms, including bacteria
(Lachance et al. 1999), which has led environmental
agencies to declare a high priority for its removal from
soils (van Dillewijn et al. 2007).
Both bacteria and fungi have been shown to
possess the capacity to degrade TNT (Kalderis et al.
2011). Bacteria may degrade TNT under aerobic or
anaerobic conditions directly (TNT is source of carbon
and/or nitrogen) or via co-metabolism where addi-
tional substrates are needed (Rylott et al. 2011). Fungi
degrade TNT via the actions of nonspecific extracel-
lular enzymes and for production of these enzymes
growth substrates (cellulose, lignin) are needed. Con-
trary to bioremediation technologies using bacteria or
bioaugmentation, fungal bioremediation requires
an ex situ approach instead of in situ treatment (i.e.
soil is excavated, homogenised and supplemented
with nutrients) (Baldrian 2008). This limits applicabil-
ity of bioremediation of TNT by fungi in situ at a field
scale.
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As a result, the visual environ ent of urban-rural green 
space can be quantified, which provides a scientific basis 
for spatial planning of urban fringe area and repositions 
the park attribute.
Visual landscape, in short, is a visual resource. For 
the co cept of the visu l la dscape, schol rs h v  not 
reached on consensus and each sticks to his argument. 
When researching on the visual landscape quality, Dan-
iel and Vining (1983) summed up the evaluation models, 
and those were ecological model, formal aesthetic model, 
psychophysical model, psychological and phenomenogical 
model. Through the analysis of landscape structure and 
image, Krause (2001) wanted to protect and develop high-
quality natural and cultural beauty. Dramstad et al. (2006) 
studied the visual landscape preference of the different 
groups for different landscape structures. For the prob-
lems of accessing data of traditional landscape perception 
and preference in the visual landscape assessment, Roth 
(2006) used the network to obtain data in order to solve 
the above problems. Roads dominated our daily surround-
ings and were essential conditions of the access to the vi-
sual landscape, Garré explored the dual role of road in the 
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abstract. The attribute of a country park and its visual environment are not only influenced by the di tance from he 
park to the downtown area, but also the degr e of urbanization.  Based on the la dscape geography, landscape ecology, 
landscape aesthetics theories and the Guideline for Technical Review of Environmental Impact Assessment of Con-
struction Projects (HJ 616-2011) and aiming to evaluate the visual quality of the country parks, we put forward three 
first-grade indicators (visual sensitive capacity, visual sp ce capacity and visual absorption capacity) and seven second 
grade indicators (sighting distance, visual disturbance frequency, green looking ratio, inter-visibility, openness, rela-
tive angle and the relative area of artificial matrix) in our research. By virtue of the established entropy weight method 
model, combined with field data, the quantitative research of the visual environment of landscape in country parks 
was carried out so that the visual quality of the park can be improved. At s me time, this can also rovide a scie tific 
basis for spatial planning of urban fringe rea nd re sitioning of the park attribute.
Keywords: country park, urban-rural area, visual landscape, visual environment quality, impact assessment, entropy 
weight method.
Introduction
With the acceleration of urbanization, urban fringe ar-
eas where originally belong to green space have been 
replaced by many high-rise buildings, which seriously 
interferes with the edge of the city green-land. This espe-
cially affects the visual environment of the country park 
and destroys the integrity, openness and continuity of ur-
ban green space, resulting in lacking of green landscape 
preservation in the urban-rural area. In 2011, Ministry 
of Envi nmental Protect on of the People’s Republic of 
China promulgated the Guideline for Technical Review 
of Environmental Impact Assessment of Construction 
Projects (HJ 616-2011), which was mainly aimed at roads, 
railways, mines, quarries, scenic areas, water conservancy 
and hydropower projects, and large construction projects 
in urban areas, in particular, reckoning in the impact as-
sessment of landscape aesthetics (Ministry of Environ-
mental... 2011). Country park as a typical representative 
of green space in the urban-rural area, its impact assess-
ment of visual landscape is imperative. Based on previous 
studies, using a new method of the impact assessment of 
visual environment evaluates the quality of country parks. 
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visual landscape (Garré et al. 2009). Along with the pace 
of urbanization, the countryside transformed itself from 
a rural area to an urban nation. In reaction to this phe-
nomenon, Spanish scholars studied the rural landscape 
changed by human, which corresponded to the changes 
of visual perception (Cloquell-Ballester et al. 2012). In 
order to better understand the future landscape as the 
aesthetic subject, Nohl (2001) established a conceptual 
framework. Unlike other visual landscape research, Ka-
plan et al. (2006) studied the visual landscape preference 
of the urban-rural fringe. Nakamae et al. (2001) applied 
the rendering technology generated by computer graph-
ics and video sequences to evaluate the quality of visual 
landscape. Researches on the visual impact of other coun-
tries involved in the wind power plants, greenhouse parks, 
mines and other aspects. Spanish researchers had devel-
oped a predictive model which could be used to predict 
the visual impact of the wind plant and as a query tool 
to analyze and evaluate the proposed wind plant project 
(Hurtado et al. 2004; Molina-Ruiz et al. 2011). Along with 
the advance of modern geographic research techniques, 
GIS and 3D simulation technology had been widely used 
in the impact assessment of visual landscape (Ayad 2005). 
Rogge et al. (2008) utilized the GIS to quantify and value 
the visual impact brought by the development of green-
house cluster, putting forward the measures to reduce 
the visual impact of greenhouse park. During the process 
of mining and restoration, Menegaki et al. (2012) took 
LETOPID (Landscape Evaluation Tool for Open Pit Mine 
Design) method to reduce the visual impact. The impact 
assessment of visual landscape, often involving in the oc-
clusion and avoidance, usually used GIS to establish the 
3D visual model, then made sight and viewshed analysis 
(Hernández et al. 2004a, 2004b). Through the question-
naire survey, Hernández et al. (2004b) determined the in-
fluence of building on the surrounding landscape in order 
to verify the effectiveness of the GIS for site selection. 
In China, Kongjian Yu as one of the researchers 
who studied the visual landscape, proposed the concept 
of landscape threshold (Kongjian 1991). Binyi Liu intro-
duced American visual resources management into China, 
and deepened its development (Binyi 1990). However, the 
visual landscape impact research started relatively late in 
the last century, some scholars researched on the concept, 
evaluation process, content and methods of visual impact 
of landscape, and conducted a quantitative evaluation 
(Renhai 1999; Yang, Xiaolin 1999). In the 21st century, this 
field really began to be concerned about, but only made 
some theoretical researches initially (Tan et al. 2000; Yuhu 
2001). With the maturity of some theories and methods, 
visual landscape impact research had gradually applied 
to different evaluation objects. On the basis of literature 
review research, Tong et al. (2013) emphasized that vi-
sual landscape should give the viewer a strong visual 
perception and impression in a particular area. However, 
most of Chinese researchers were limited to the internal 
area for visual landscape environment impact, lacking in 
the research on the negative impact arising from the ex-
ternal disturbances (Chuanfa, Jianhua 2009; Youbo, Yue 
2007; Hui et al. 2009; Xüling et al. 2012; Jianhua 2008). 
Whether it is the natural landscape or cultural land-
scape, environmental problems lead to specific require-
ments needed in various sectors for visual impact assess-
ment. But, evaluation factors involved are too subjective, 
and less factors that can be objective and quantitative, 
which makes the impact assessment of visual landscape is 
too subjective (Mortberg et al. 2007). In this article, objec-
tive quantitative evaluation of interference factors (espe-
cially the artificial building) outside the park has an effect 
on the visual environment, which is a good reference for 
solving the above problems.
1. Materials and methods
1.1. study area
In this article, 14 parks are selected in Beijing (12 country 
parks, two city parks) to carry on the case study. 12 coun-
try parks selected are very representative (there are three 
in the west and the east, two in the south and four in the 
north), and the two city parks are the typical parks which 
are used to compare with the country parks (Fig. 1). By 
conducting field data collected, combined with the indoor 
processing, the evaluation indicators of the initial data are 
obtained.
1.2. The index system of the impact assessment  
of visual landscape
There is a close relationship among the interference of 
high-rise buildings in the urban-rural area and their spa-
tial position, physical attribute. Korean scholar put for-
ward the visual threshold carrying capacity (VTCC) in the 
study of city landscape management. Kyushik (1998) con-
sidered that the influence of external disturbance factors 
on the visual landscape was a cumulative effect, and not a 
single effect. The study of visual environment should ex-
amine its internal constitution and surroundings, includ-
ing some sensitive landscapes, spatial attribute and the 
coordination between different landscapes. We find many 
problems in Beijing Limited Construction Area Planning 
(BLCAP): the construction limited area is not clear. The 
boundaries between construction areas and green space 
are uncertain, and construction guidelines only make 
demands on building height (Ying et al. 2012). There are 
also other problems, such as lacking in the consideration 
of architectural appearance, visual control, visual corri-
dor, coordination and other aspects. Based on these, three 
first-grade indicators are proposed for the impact assess-
ment of visual landscape: visual sensitive capacity (VSEC), 
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visual space capacity (VSPC), visual absorption capacity 
(VABC).
1.2.1. Visual sensitive capacity 
“Sensitive” comes from the psychology, referring to re-
sponding to the external things quickly. Kongjian Yu put 
forward the “landscape sensitivity” in the study of con-
servation planning of South Taihang Mountain Canyon 
landscape, introducing the term “sensitive” to landscape 
geography. He deemed that the landscape sensitivity was 
a measure of the degree of landscape to be noticed, the 
comprehensive reflection of relative slope, the distance be-
tween landscape and the observer, the probability of land-
scape appearance in the field of vision and striking degree 
of landscape (Kongjian 1991). This was the evaluation of 
the natural heritage landscape, meanwhile, it also had a 
reference for city landscape evaluation. Aoki Yoji in 1987 
presented the notion of “Green Looking Ratio”, defining 
it as the share within the vision of green plants (Xiaojun, 
Honggang 2002). Visual sensitive capacity is mainly in the 
light of the impact assessment of physical properties of ar-
tificial architecture and the natural landscape, including 
sighting distance, visual disturbance frequency and green 
looking ratio.
Sighting distance (D): From the point of view to out-
side the building is D, can be measured by a laser range 
finder, if no building outside the area, then D = 0.
Visual disturbance frequency (V): According to the 
green space size, at 100 m (small scale) or 200 m (large 
scale) interval separately setting a viewpoint, between ad-
jacent viewpoints, the visible distance of outside the build-
ing is L. Then V = L/100 or V = L/200, if never see outside 
structure between adjacent viewpoints, then V = 0; if the 
building has always been seen outside the region between 
adjacent viewpoints, then V = 1.
Green looking ratio (G): The share within the vision 
of green plants, importing photos to Photoshop software, 
calculating the area of green vegetation in the photograph 
and photo area, then obtains green looking ratio (green 
vegetation area/photo area).
1.2.2. Visual space capacity
Space not only belongs to the geography, but also the 
aesthetic category. It could be divided into three-dimen-
sional physical space – objective space, psychological 
space – subjective space, behavior space – social space 
and symbolic space. Space discussed in this article only 
refers to physical space which is composed of the base 
surface and the three-dimensional boundary. When it 
comes to visual space, we should consider the openness 
of viewshed (the horizontal direction) and the continuity 
of the line of sight (the vertical direction). Visual space 
capacity mainly focus on visual control range and visual 
corridor of the human eye, referring to the degree of 
vision openness, spatial category and characteristics of 
the horizon constitution, which depends on the scale of 
landscape element and visual space openness surround-
ed by the skyline. To evaluate the visual space capacity, 
two second grade indicators are proposed in this article: 
inter-visibility and openness.
Inter-visibility (I): By investigating the continuity of 
the line of sight, we use a laser range finder to measure 
the distance between observer and the object that blocks 
line of sight.
Openness (O): To examine the extent of open of 
viewshed, photographs are imported into Photoshop soft-
ware for processing and computed the skyline share in the 
field of vision (the length of skyline in the photograph/the 
width of photograph).
Fig. 1. The location map of the 14 sample parks
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1.2.3. Visual absorption capacity
In 1960s–1970s, due to the improvement of public’s con-
cernment for the visual environment quality, as well as 
the introduction of legal documents relating to the en-
vironment, America’s environmental impact assessment 
emphasized on the visual and aesthetic resource value. 
In the United States, there were three important sce-
nic resources management systems: Visual Management 
System (VMS), Visual Resources Management (VRM) 
and Landscape Resources Management (LRM) (Xiaojun 
1993). Scenic resources management system was mainly 
used in landscape evaluation, and it was based on land-
scape quality assessment and visual impact assessment to 
divide different level of regions. Visual absorption capacit 
(VABC) evaluation was put forward in VRM assessment. 
VABC had the ability to assimilate outside environment 
or visual impact, maintaining the inherent characteristics 
of the landscape (Anderson 1979). In landscape Ecology, 
landscape structure is divided into patch (punctiform), 
corridor (threadiness) and matrix (planar). This is a large-
scale landscape structure, zooming to the city landscape, 
artificial construction can be regarded as a kind of matrix. 
The height and distance of artificial construction outside 
the park determine the observer’s angle, which will affect 
the coordination of the entire park and its ability to as-
similate visual environment. Therefore, the visual absorp-
tion capacity evaluates the coordination between artificial 
architecture outside and the natural landscape, including 
the relative angle and the relative area of artificial matrix.
Relative angle (A): Measure the angle of elevation of 
sight between artificial architecture of outside and view-
er through a laser range finder. The angle of elevation of 
observing landscape is α, its sine value is relative angle. 
A = sin α (0º ≤ α < 90º). When α = 0, A = 0.
Relative area of artificial matrix (C): We import 
photographs into Photoshop software to calculate the area 
of artificial construction and photo area, and calculate the 
visual share of artificial construction (artificial construc-
tion area/photo area).
2. The process of the impact assessment  
of visual landscape
The impact assessment of visual landscape covers three 
first-grade indicators and seven second grade indicators. 
This article intends to build a mathematical model of the 
impact assessment of visual landscape by entropy weight 
method to achieve quantitative evaluation of the visual 
quality.
2.1. Division of factor subset
The entire visual environment quality (Z) is divided into 
three subsets: visual sensitive capacity (Y1), visual space 
capacity (Y2) and visual absorption capacity (Y3). Then 
Z = {Y 1, Y2,  Y3}, three subsets are: Y 1 = {X1, X2, X3}, Y2 = 
{X4, X5}, Y 3 = {X6, X7}. Xi represents the seven second grade 
indicators.
2.2. Quantitative classification indicators
Sighting distance: visual effects observed from the object 
is closely related to sighting distance. Distance is 300 m, 
which can be observed the form and details of the single 
structure; from 300 m to 1500 m, building groups can be 
observed; from 1500 m to 3000 m, only can see the outline 
of building groups. This principle is related to the division 
of close view, medium view and distant view, and also af-
fects the scope of each landscape control point. Based on 
this, the sighting distance is divided into four grades: 0 m, 
more than 1000 m, (300 m, 1000 m], (0 m, 300 m].
Visual disturbance frequency: If the landscape can 
been seen between two points, then l = L, and sensitivity 
is the highest; l = L/2, medium sensitivity; l = L/7, the low-
est sensitivity. Visual disturbance frequency is divided into 
four grades: 0, (0, 15%], (15%, 50%], (50%, 100%].
Green looking ratio: When the green looking ratio is 
less than 15%, the artificial traces are increased. The green 
looking ratio is more than 15%, and natural feeling will in-
crease. When the green looking ratio reaches 25%, people 
will feel most comfortable, and it’s beneficial to human 
health. Chunfa and Jianhua (2009) evaluated the visual en-
vironment of Yuntai mountain, dividing the herb coverage 
into four grades which based on the three thresholds: 70%, 
80% and 90%. Reference to the above research results, this 
article will divide green looking ratio into four grades: 
[90%, 100%], [70%, 90%), (25%, 70%), [0, 25%].
Inter-visibility: Road traffic had strict requirements 
for the inter-visibility, in general, the visual distance of 
road’s longitudinal slope design must reach 400–600 m (Ji-
shuang, Yong 2001). According to the degree of occlusion, 
this article will divide inter-visibility into four grades: 
600 m, [400 m, 600 m], [200 m, 400 m), (0 m, 200 m).
Openness: “Golden section” has a close inner link 
mechanism with human vision. Based on this, openness 
is divided into the following four grades: 100%, (61.8%, 
100%), (0, 61.8%], 0.
Relative angle: Based on the 50 m contour inter-
val, Kongjian Yu (1991) calculated the sensitivity of rela-
tive slope during the evaluation of canyon landscape of 
Wangxiangyan. The relative angle is divided into the fol-
lowing four grades: 1, [1/2, 1), [1/4, 1/2), [0, 1/4).
Relative area of artificial matrix: Based on the share 
of artificial landscape outside the park, we divide the rela-
tive area of artificial matrix into four grades in this pa-
per (Guxin, Feng 2009): [0, 4%], (4%, 10%], (10%, 20%], 
(20%, 100%].
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2.3. Entropy empowerment
In order to overcome the subjectivity of the traditional 
methods of empowerment, we use entropy weight method 
to determine the weight of each indicator factor (Wanhua 
2010). The weight depends on the information loaded by 
each indicator, and the information content can be repre-
sented by entropy, that is the entropy of information (Yu, 
Zongfang 2006). The reduction of entropy means the in-
crease of the information content. According to the view 
of information theory, indicator variation is usually used 
to examine the role of each indicator in the evaluation 
model. The change of indicator is larger, and the informa-
tion content is greater, then the indicator of “recognition” 
is stronger (Meihong, Aihua 2006). In short, if the change 
of a certain indicator X in different evaluations is large, 
then it has an important role on differentiating the subject 
of evaluation and should be given greater weight. Entropy 
model includes many formulas and calculation process. 
The formula of Wi and Hi are used to respectively calculate 
the values of weight and the entropy of each indicator. fij is 
the  proportion of each indicator in standardization value, 
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Where, W is the weight value for each single indica-
tor. H is entropy, m is the number of indicator, k is the cor-
rection coefficient, n is the number of evaluation subject, 
f is normalized indicator matrix, r is the normalized value 
of indicator.
Before analyzing the data, we usually need to stan-
dardize the data. After standardization, the original 
data will be converted into dimensionless indicator val-
ue and the value of each indicator will be in the same 
level, which could be used to make a comprehensive 
evaluation analysis. The role of formula rij is to stan-
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value.
2.4. The mathematical model of the impact assessment 
of visual landscape 
On the basis of the weight value of each indicator calcu-
lated by entropy weight method and the field investiga-
tion data, making the visual environment quality (VEQ) 
of country park as the dependent variable and each evalu-
ation indicator as independent variable, to establish the 
mathematical model of the impact assessment of visual 
landscape according to the function relationship between 
the evaluation indicators and the visual environment qual-
ity. In this model, VEQ is to calculate the value of visual 
quality, and the influence of each indicator on the visual 
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Where, VEQ represents the value of visual quality, 
ijx  is the quantity value of indicator i of point j. wi is the 
weight of indicator i. n is the number of indicator, m is the 
number of viewpoint.
2.5. The model of the impact assessment of visual 
landscape of country park
The mathematical formula VEQ is a multivariate first-or-
der equation of linear regression established by the weight 
value of each indicator. Through regression analysis, we 
summarize the degree of significant differences and the 
collinearity, finding out the main factors which impact the 
visual landscape environment of country park. In this for-
mula, Xi is the weight value of indicator.
 VEQ = 0.154 X1 + 0.378 X2 + 0.026 X3 + 0.276 X4 +  
 0.115 X5 + 0.027 X6 + 0.024 X7 .
Table 1. The indicators classification of the impact evaluation of visual landscape
Assignment Indicators 7 points 5 points 3 points 1 points
Sighting distance (m) 0 D > 1000 300 < D ≤ 1000 0 < D ≤ 300
Visual disturbance frequency (%) 0 0 < V ≤ 15 15 < V ≤ 50 50 < V ≤ 100
Green looking ratio (%) 90 ≤ G ≤ 100 70 ≤ G < 90 25 < G < 70 0 ≤ G ≤ 25
Inter-visibility (m) Unobstructed or I > 600 400 ≤ I ≤ 600 200 ≤ I < 400 0 < I < 200
Openness (%) 1 0.618 < O < 1 0 < O ≤ 0.618 0
Relative angle 0 0 < A ≤ 1/4 1/4 < A ≤ 1/2 1/2 < A ≤ 1
Relative area of artificial matrix (%) 0 ≤ C ≤ 4 4 < C ≤ 10 10 < C ≤ 20 20 < C ≤ 100
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controlling urban disordered extension, improving the ef-
ficiency of urban land use, avoiding the development of 
city “pie” type. As a significant greenbelt, country parks 
play important roles in the capital’s economic and social 
development, urban ecological pattern, and the living 
quality of residents. At the same time, this also improves 
the city’s sense of identity and belonging, and changes lei-
sure pattern of Beijing city. Considering the difference of 
types and distributions, 12 representative country parks 
are selected among the 81 country parks, and the two typi-
cal city parks which are used to compare with the country 
parks.
In order to verify the validity of the initial model, we 
use step-by-step backward regression analysis to analyze 
the significance of difference degree and colinearity of 
each factor (Table 3). The result shows, P value of relative 
area of artificial matrix (model 1), relative angle (model 2) 
and green looking ratio (model 4) are all greater than 0.05. 
This illustrates significant difference is in low degree, in 
other words, the degree of recognition of factor is low, and 
the effect for evaluation is very small. Therefore, exclud-
ing the above three factors, and the four factors: sighting 
distance, visual disturbance frequency, inter-visibility and 
openness are preserved. Tolerance values are all greater 
than 0.1 (model 4), meeting the conditions of the col-
linearity, and the model evaluation by four factors are ef-
fective. Then the four factors were assigned weight by the 
standard deviation method. The final evaluation model is 
established: VEQ = 0.272D+0.3V+0.231I+0.197O.
Urban-rural area, except for urban construction land, 
is a large area of natural or near-natural state which be-
longs to urban green space. Along with the spread of ur-
ban expansion, the contradiction of the land use of urban-
rural fringe is increasing. In 2007, the Beijing municipal 
government launched the construction of the first green 
isolating areas into “country park ring”. The purpose was 
to form the space layout of “a ring, six districts, one hun-
dred parks” which was around the center of the city, and 
to build a “chain cluster” structure of “the whole into a 
ring, the segmentation into pieces”. It becomes a landscape 
green belt and ecological protection zone, meanwhile, a 
place for public recreation and exercise. 
So far, 81 country parks have been built in Beijing. 
However, according to our initial investigation, we find 
the following problems in Beijing country parks: (1) The 
space layout of country park is not balanced. Large num-
bers are in the east and south, only a few portions distrib-
ute in the north and west. (2) Obvious traces of artificial 
landscape are seen in somewhere. Golf courses, business 
club and other illegal constructions occur frequently in 
the country park. This seriously interferes with the natu-
ral landscape. (3) The design of country parks is not a big 
difference compared with city parks, which lacks in the 
property of wildness. (4) The boundary is disturbed by 
Table 2. The weight of each indicator of the impact assessment 
of visual landscape  
The first grade indicators 
(Y)
The second grade 
indicators (X) Weight
Visual sensitive capacity 
( Y1)




Green looking ratio (X3) 0.026






Relative angle (X6) 0.027
Relative area of artificial 
matrix (X7) 
0.024
Table 3. Regression analysis
Models Factors P Tolerance
1
(Constant) .510
Sighting distance .030 .011
Visual disturbance frequency .000 .343
Green looking ratio .217 .626
Inter-visibility .006 .033
Openness .010 .087
Relative angle .320 .028
Relative area of artificial matrix .437 .043
2
(Constant) .212
Sighting distance .004 .017
Visual disturbance frequency .000 .345
Green looking ratio .133 .675
Inter-visibility .002 .049
Openness .000 .229
Relative angle .282 .028
3
(Constant) .480
Sighting distance .000 .251
Visual disturbance frequency .000 .373





Sighting distance .000 .255
Visual disturbance frequency .000 .374
Inter-visibility .000 .230
Openness .000 .389
2.6. Model validation and sample evaluation
For the Beijing urban green space system, the country 
park is an important part (Beijing Municipal... 2009). The 
“country park ring” plan has been launched since 2007 in 
Beijing, and the main function is to prevent the central 
area of the city and peripheral groups forming into one, 
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high-rise buildings. The features of visual landscape are 
inconsistent with the attribute of country park.
We calculate the value of visual environment quality 
of each country park by using the impact assessment of 
visual landscape model, and visual environment quality of 
each country park is graded.
3. discussion
The level of the visual environment quality of the coun-
try park reflects the visual impact of peripheral artificial 
construction on the park and the urbanization level in a 
certain area. Theoretically, with the increasing of distance 
from the park to downtown area, the level of urbaniza-
tion is gradually decreasing, and the visual environment 
quality of the country park should gradually increase and 
the park’s overall visual environment should gradually im-
prove. However, through our research, we found the vi-
sual environment quality of the selected 14 sample parks 
did not completely comply with the above hypothesis. The 
main reason is that the direction of urbanization develop-
ment in Beijing mainly towards the north and west areas, 
which results in the visual environment quality sharply 
Table 4. The grade of comprehensive evaluation of the visual environment quality 
Visual environment quality 1 ≤ VEQ < 2.8 2.8 ≤ VEQ < 4.2 4.2 ≤ VEQ < 5.6 5.6 ≤ VEQ ≤ 7
Centesimal system 14 < VEQ < 40 40 ≤ VEQ < 60 60 ≤ VEQ < 80 80 ≤ VEQ ≤ 100
Grade iv iii ii i
Outcome Lower visual environment quality  
Low visual  
environment quality




Table 5. Visual environment quality and grade of the 14 sample parks
Sample parks Location
Dis tan ce to 
the city center 







Chang chun Fitness Park Between north 3rd ring road and north 4th ring road 10.8 1.14/16.3 iv
Wang xing Lake Count ry Park Between south 4th ring road and south 5th ring road 10.9 2.7/38.6 iv
Taoran ting Park Within south 2nd ring road 3.9 2.79/39.9 iv
Taiyan ggong Park Between north 3rd ring road and north 4th ring road 8.6 3/42.9 iii
Jingyi Country Park Between west 4th ring road and west 5th ring road 15.1 3.08/44 iii
Dongsheng bajia Country Park Between north 4th ring road and north 5th ring road 13.4 3.11/44.4 iii
Zizhuyuan Park Between west 2nd ring road and west 3rd ring road 7.5 3.24/46.3 iii
Wanfeng Country Park Between west 3rd ring road and west 4th ring road 9.2 3.34/47.7 iii
Xinglong Park Between east 4th ring road and east 5th ring road 11.4 3.44/49 iii
Dongba Country Park Between east 5th ring road and east 6th ring road 14.6 4.09/58.4 iii
Dong xiaokou Forest Park Between north 5th ring road and north 6th ring road 14.4 4.14/59 iii
Nanhaizi Country Park Between south 5th ring road and south 6th ring road 15.5 5.3/75.7 ii
Jintian Country Park Between east 5th ring road and east 6th ring road 14.4 5.42/77.4 ii
Lüdi Park Between west 5th ring road and west 6th ring road 16.3 5.65/80.7 i
reducing in Changchun Fitness Park (between west 3rd 
ring road and west 4th ring road) and Dongsheng bajia 
Country Park (Between north 4th ring road and north 5th 
ring road) (Fig. 2). With regards to this, the Beijing City 
Master Plan (2004–2020) posed that the urban space re-
sources should be rationally utilized and controlled the 
large-scale population and industrial agglomeration in 
western and northern mountainous areas of Beijing, and 
the development direction of city should towards the east-
ern and southern plain regions (Beijing Municipal People’s 
Government 2005). The results of this research confirm 
the thought of the Beijing City Master Plan (2004–2020).
The development of Beijing urbanization is not bal-
anced, and in the west and north part areas are signifi-
cantly higher than other urban areas, which leads to the 
so-called country park wearing “country park” hat, but 
dressing in “city park” coat. It is difficult to make distin-
guish from the attribute of country park. In this article, by 
calculating the visual environment quality of the country 
parks, we find that the score of visual environment qual-
ity should reach at least 4.2 which could meet the basic 
requirements of a country park. Besides, according to 
Beijing Green Space System Planning (BGSSP), country 
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parks are mainly situated in the first green isolating ar-
eas, and the location of green isolating areas are mainly 
outside the 4th Ring Road in Beijing (the distance to the 
city center ≥8km). The park’s attribute classification is too 
administrative, lacking in scientific basis, then we present 
two important bases to redefine the attribute of country 
park: (1) The visual environment quality of the country 
park reaches more than 4.2; (2) To have a certain distance 
to the city center, and the distance depends on different 
cities, being proportional to the city scale. For example, 
the country park to downtown area should be more than 
8 km in Beijing. In accordance with the above two rules, 
among the 12 country parks selected, only the Lüdi, Jin-
tian and Nanhaizi belong to the country park (Fig. 2).
Collecting and processing the field data of a park’s 
visual environment to calculate the visual environment 
quality of each viewpoint. Through analysis and research, 
the factors which affect the visual environment quality of 
each viewpoint can be drawn. Then, the targeted improve-
ment measures are proposed, so as to enhance the overall 
visual quality of the park. Taking Jingyi Country Park as 
an example, the viewpoints that impact on the overall vi-
sual quality of the park are: point 1, point 2, point 3 and 
point 8 (Fig. 3). The most obvious interference factors 
for the four points are outside of high-rise buildings. The 
high-rise buildings are not only close to the park, but their 
large body, as well as the impact of high-voltage tower. It 
can be covered by planting tall trees, and as much as pos-
sible to reduce the disturbances occurred in the vertical 
line of sight of visitors. Another way, micro-terrain design 
around the park boundary, to some degree, it may reduce 
the range of inter-visibility and visual disturbances, the in-
terference of high-voltage tower and high-rise buildings, 
but it also can arise the green looking rate. So, the visual 
environment quality of park can be greatly improved, and 
the standard of country park can be reached.
The influence of building facilities on the visual en-
vironment, the sighting distance, visual disturbance fre-
quency, inter-visibility and openness are especially evi-
dent. The denser of artificial buildings are, the higher of 
visual share and the degree of landscape feature alienation 
will be. Materials, volume, color, style and other aspects 
of the artificial buildings do not coordinate with the park 
natural rustic charm. At the same time, there are also other 
artificial facilities, such as billboards and pipelines, which 
bring negative influence on the visual environment qual-
ity of country park. During the field study, we found that 
most of the country parks have been built in the area of 
Fig. 2. The line graph of visual environment quality and 
distance to the city center 
Fig. 3. The four viewpoints of Jingyi Country Park  
Point 1 (upper left), Point 2 (upper right), Point 3 (lower left), Point 8 (lower right).
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high-voltage corridor. Because it locates in the park area, 
and the landscape striking degree is high, which brings 
serious visual pollution to the country park. The layout of 
vegetation within the park primarily affects inter-visibility 
and openness. The construction of country park was based 
on the first green isolating areas, and the main function 
of the original vegetation is the ecological protection, and 
lacks some considerations of landscape visual effect. The 
vegetation of some areas where adjacent to the main tour 
roads are too dense, blocking the line of sight, compress-
ing the visual space, without concerning about the psy-
chological perception of tourists, which gives a feeling of 
oppression to viewers.
conclusions
1. To provide reference for planning control and land re-
source management in fringe area of central city. Firstly, 
“single-storey house be changed to high building” policy 
should be adjusted and need to be appropriate intensive 
layout. This policy has resulted in landscape fragmen-
tation, and the continuity of country park ring and the 
integrity of landscape pattern are destroyed by the cur-
rent implementation policy that the constructions are 
built in the original place and dispersed layout. Secon-
dly, on the basis of country park ring that has been built 
between 4th ring road and 5th ring road, the thickness 
of the greenbelt should continue to widen between 5th 
ring road and 6th ring road, and make it a landmark 
in the urban fringe area. Thirdly, to some extent, the 
construction of country park limits the development 
direction of Beijing city fringe area, the distribution 
of country parks and the landscape pattern. There are 
mountainous areas in the west of Beijing city center, the 
historical and cultural protection area in the northwest, 
which owns a good substrate of greenbelt landscape, 
and there should be no large-scale construction in this 
area. The area that in the east and south of Beijing is in 
the intersection of the region of ecological protection 
and the urban-rural integration construction. The scale, 
speed and complexity of landscape change are unprece-
dented. Fourthly, it should maintain a certain width of 
green space among city center, fringe groups, and the 
peripheral of fringe groups. At least 200 meters visual 
buffer zones should be set up between construction area 
and landscape protection area.
2. To flexibly apply the following planning methods: 
(1) Protection. Avoiding the landscape which has a 
negative impact on the visual environment of park. 
Prohibiting super high-rise buildings so as to protect 
important skyline and landscape view corridor. Some 
country parks outside the 5th ring road should be tak-
en protective measures firstly. For instance, Dongxia-
okou Forest Park, Olympic Forest Park and Taiping 
Country Park are in the traditional north-south axis 
of Beijing city, which is an important visual channel 
for Beijing, and the inter-visibility of the visual cor-
ridor should be protected. Adjacent to the Yongding 
river, Lüdi Park is an important ecological corridor 
and a landscape corridor, but also an air duct, which 
plays a role in improving the air quality in the center 
city. Lüdi Park is the highest score in the grade of 
comprehensive evaluation of the visual environment 
quality among the 14 parks and is a key visual protec-
tion area. As the nearest natural wetland to city cen-
ter, Nanhaizi Country Park keeps the country charac-
teristic that country park should possess. To establish 
the control zone between the country park and other 
landscape areas, and avoid building too many artifi-
cial constructions around the periphery of the coun-
try parks. Then, the visual interference frequency will 
be reduced, and the continuity and inter-visibility of 
the green landscape will be protected.
(2) Restriction. If the negative impact is inevitable, we 
must control its development and construction. The 
building that is near the park should strictly limit its 
number of floors and control its height. It has built 
some residential area in the north of the Dongba 
Country Park and the south of Jintian Country Park, 
like these country parks outside the 5th ring road, 
which should set up visual buffer zones between dif-
ferent landscape boundaries. By controlling the loca-
tion, volume, shape, height of artificial construction 
and the distance to restrict the visual impact of artifi-
cial constructions on the country parks.
(3) Avoidance. In order to enhance the aesthetic per-
ception of tourist, the design for the park tour road 
should try to avoid the low quality of the visual en-
vironment of viewpoint, and makes tourism line 
through the high visual environment quality of the 
viewpoint as far as possible. In the important node of 
tour road of country park, like Jingyi Country Park 
and Dongshengbajia Country Park, ground cover, 
herbs, shrubs, trees should be cultivated to shape 
multi-level landscape to promote the aesthetic value 
of the country parks. In addition, making necessary 
adjustment of the direction of some tour roads to 
avoid interference of visual sensitive points of artifi-
cial buildings outside the country parks and improve 
the inter-visibility and openness of nodes. 
(4) Repair. For the existing visual pollution, we should 
take measures to repair the visual environment. Due 
to the continuous expansion of urban development 
to the periphery, the peripheral of country park has 
appeared the high-rise buildings and other nega-
tive landscape. Faced with such a situation, we take 
steps such as micro-topography, planting tall trees 
and other ways to weaken its visual impact. A few 
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country parks such as Xinglong Country Park and 
Jingyi Country Park are between 4th ring road and 
5th ring road which need to adopt necessary mea-
sures for the boundary of parks to cover and conceal 
the visual contact of peripheral architecture. Tak-
ing micro-topography processing or planting some 
tall crown diameter trees, like poplar and ginkgo, to 
form the enclosure of internal landscape, at the same 
time, to improve the green looking ratio. The degree 
of visual influence of artificial high-rise buildings and 
high-voltage towers will be cut down.
(5) Reposition the park attribute: By protection, restric-
tion, avoidance, repair and other measures, some 
country parks such as Wangxing Lake Country Park, 
Changchun Fitness Park, Taiyanggong Park and 
Wanfeng Country Park cannot change the visual im-
pact of external artificial construction to the parks. 
These parks are relatively close to the city center and 
the surrounding areas have been completely urban-
ized, and the visual environment quality are under 
4.2. Then, we suggest changing the attributes of these 
parks, and convert them into city parks.
acknowledgments
In the writing process, we are very grateful to the help of 
Terry C. Daniel (Emeritus Professor of Psychology and 
Natural Resources,University of Arizona). He spent a lot 
of time and offered suggestions for revisions. We appreci-
ate his help. This work was supported by the <Beijing Nat-
ural Science Foundation> under Grant [number 8142008].
references
Anderson, L. 1979. Visual absorption capability in our national 
landscape. USDA forest service general technical report, Ne-
vada.
Ayad, Y. M. 2005. Remote sensing and GIS in modeling visual 
landscape change: a case study of the Northwestern arid coast 
of Egypt, Landscape and Urban Planning 73: 307–325. 
 http://dx.doi.org/10.1016/j.landurbplan.2004.08.002
Beijing Municipal Commission of Urban Planning. 2009. The 
green space system planning of Beijing [online], [cited 20 April 
2014]. Available from Internet: http://www.bjyl.gov.cn/zwgk/
ghxx/gh/zcqgh/201010/t20101028_43423.html
Beijing Municipal People’s Government. 2005. Beijing City Mas-
ter plan (2004–2020) [online], [cited 20 April 2014]. Available 
from Internet: http://www.bjghw.gov.cn/web/static/catalogs/
catalog_233/233.html
Binyi, L. 1990. The visual quality evaluation of landscape envi-
ronment, Urban Planning Forum 68(4): 24.
Chuanfa, L.; Jianhua, Y. 2009. The synthetical evaluation of the 
visual environment of the beauty spot in Yuntaishan, Areal 
Research and Development 28(6): 126–130.  
Cloquell-Ballester, V.; Torres-Sibille, A. C.; Cloquell-Balles-
ter, V.; Santamarina-Siurana, M.   C. 2012. Human altera-
tion of the rural landscape: Variations in visual perception, 
Environmental Impact Assessment Review 32: 50–60. 
 http://dx.doi.org/10.1016/j.eiar.2011.03.002
Daniel, T. C.; Vining, J. 1983. Methodological issues in the assess-
ment of landscape quality, in I. Altman, J. F. Wohlwill (Eds.). 
Behaviour and the natural environment. New York: Plenum 
Press. http://dx.doi.org/10.1007/978-1-4613-3539-9_3
Dramstad, W. E.; Tveit, M. S.; Fjellstad, W. J.; Fry, G. L. A. 2006. 
Relationships between visual landscape preferences and map-
based indicators of landscape structure, Landscape and Ur-
ban Planning 78: 465–474. 
 http://dx.doi.org/10.1016/j.landurbplan.2005.12.006
Garré, S.; Meeus, S.; Gulinck, H. 2009. The dual role of roads in 
the visual landscape: a case-study in the area around Mech-
elen (Belgium), Landscape and Urban Planning 92: 125–135. 
http://dx.doi.org/10.1016/j.landurbplan.2009.04.001
Guxin, C.; Feng, W. 2009. Discussion on evaluation methods 
of landscape environment effects in construction of mining 
area, Morden Mining 9(7): 70–72. 
Hernández, J.; Garcίa, L.; Ayuga, F. 2004a. Assessment of the vi-
sual impact made on the landscape by new buildings: a meth-
odology for site selection, Landscape and Urban Planning 68: 
15–28. http://dx.doi.org/10.1016/S0169-2046(03)00116-6 
Hernández, J.; Garcia, L.; Ayuga, F. 2004b. Integration meth-
odologies for visual impact assessment of rural buildings 
by geographic information systems, Biosystems Engineering 
88(2): 255–263. 
 http://dx.doi.org/10.1016/j.biosystemseng.2004.02.008  
Hui, Z., Hua, Z.; Yansong, W.; Weitao, S. 2009. Approach on 
landscape visual impact assessment of project facilities in 
scenic areas, Journal of Natural Resources 24(1): 177–184. 
Hurtado, J. P.; Fernandez, J.; Parrondo, J. L.; Blanco, E. 2004. 
Spanish method of visual impact evaluation in wind farms, 
Renewable and Sustainable Energy Reviews 8: 483–491. 
 http://dx.doi.org/10.1016/j.rser.2003.12.009
Jianhua, Y. 2008. The impact of tourism on the scenic vision 
of Jigong mountains, Journal of Fujian Forestry Science and 
Technology 35(2): 215–218. 
Jishuang, W.; Yong, X. 2001. Impact on the route flat, vertical 
curve radius of the line of sight requirements, Journal of High-
way and Transportation Research and Development 18(6): 31–
33. [online], [cited 24 April 2014]. Available from Internet: 
http://www.cqvip.com/QK/91479X/200106/12455321.html
Kaplan, A.; Taskin, T.; Onenc, A. 2006. Assessing the visual qual-
ity of rural and urban-fringed landscapes surrounding live-
stock farms, Biosystems Engineering 95(3): 437–448. 
 http://dx.doi.org/10.1016/j.biosystemseng.2006.07.011
Kongjian, Y. 1991. Assessment of landscape sensitivity and im-
pact resistability: with a case study of Wangxiangyan can-
yon in south MT.Taihang, Geography Research 10(2): 38–51. 
http://www.dlyj.ac.cn/CN/10.11821/yj1991020005
Krause, C. L. 2001. Our visual landscape. Managing the land-
scape under special consideration of visual aspects, Land-
scape and Urban Planning 54: 239–254. 
 http://dx.doi.org/10.1016/S0169-2046(01)00139-6
Kyushik, O. 1998. Visual threshold carrying capacity (VTCC) in 
urban landscape management: a case study of Seoul, Korea, 
Landscape and Urban Planning 39: 283–294. 
 http://dx.doi.org/10.1016/S0169-2046(97)00085-6
Meihong, Z.; Aihua, L. 2006. Entropy-weight-based integra-
tive evaluation on the science and technology capability for 
the western provinces, Mathematics in Practice and Theory 
Journal of Environmental Engineering and Landscape Management, 2016, 24(1): 37–47 47




Menegaki, M. E.; Kaliampakos, D. C. 2012. Evaluating mining 
landscape: a step forward, Ecological Engineering 43: 26–33. 
http://dx.doi.org/10.1016/j.ecoleng.2011.02.011 
Ministry of Environmental Protection of the People’s Republic of 
China. 2011. Guideline for Technical Review of Environment 
Impact Assessment on Construction Projects (HJ 616 – 2011). 
China Environmental Science Press.
Molina-Ruiz, J.; Martínez-Sánchez, M. J.; Pérez-Sirvent, C.; 
Tudela-Serrano, M. L.; Lorenzo, M. L. 2011. Developing and 
applying a GIS-assisted approach to evaluate visual impact in 
wind farms, Renewable Energy 36: 1125–1132. 
 http://dx.doi.org/10.1016/j.renene.2010.08.041  
Mortberg, U. M.; Balfors, B.; Knol, W. C. 2007. Landscape eco-
logical assessment: a tool for integrating biodiversity issues 
in strategic environmental assessment and planning, Journal 
of Environmental Management 82: 457–470. http://dx.doi.
org/10.1016/j.jenvman.2006.01.005
Nakamae, E.; Xueying, Q.; Tadamura, K. 2001. Rendering of 
landscapes for environmental assessment, Landscape and Ur-
ban Planning 54: 19–32. 
 http://dx.doi.org/10.1016/S0169-2046(01)00123-2
Nohl, W. 2001. Sustainable landscape use and aesthetic percep-
tion preliminary reflections on future landscape aesthetics, 
Landscape and Urban Planning 54: 223–237. 
 http://dx.doi.org/10.1016/S0169-2046(01)00138-4
Renhai, W. 1999. A preliminary study of landscape and visual 
impact assessment, Research of Environmental Sciences 12(3): 
58–59 [online], [cited 7 May 2014]. Available from Internet: 
http://www.hjkxyj.org.cn/hjkxyj/ch/reader/view_abstract.
aspx?file_no=19990315&flag=1
Rogge, E.; Nevens, F.; Gulinck, H. 2008. Reducing the visual 
impact of ‘greenhouse parks’ in rural landscapes, Landscape 
and Urban Planning 87: 76–83. http://dx.doi.org/10.1016/j.
landurbplan.2008.04.008
Roth, M. 2006. Validating the use of Internet survey techniques 
in visual landscape assessment – An empirical study from 
Germany, Landscape and Urban Planning 78: 179–192. 
 http://dx.doi.org/10.1016/j.landurbplan.2005.07.005
Tan, Z.; Yuhu, Y.; Chuanyan, S.; He, X.; Chunrong, J. 2000. Tech-
nology of landscape impact assessment, China Environmental 
Science 20(1): 86–90. http://118.145.16.227/Jweb_zghjkx/CN/
abstract/abstract8791.shtml.2000.02.29
Tong, Q.; YaJuan, W.; Weihua, W. 2013. A review on visual land-
scape study in foreign countries, Progress in Geography 32(6): 
975–983. http://dx.doi.org/10.11820/dlkxjz.2013.06.015
Wanhua, Q. 2010. Management decision-making and application 
of entropy. China Machine Press.
Xiaojun, D.; Honggang, W. 2002. Green ratia green space ratia 
green looking ratio, New Architecture (6): 75–76. [online], 
[cited 10 May 2014]. Available from Internet: http://www.
abbs.com.cn/newarch/read.php?cate=6&recid=16409
Xiaojun, W. 1993. A review of visual resources management 
system and methodology in USA, World Forestry Research 
(5): 68–76. http://www.jnr.ac.cn/CN/abstract/abstract936.
shtml.1993.10.28
Xüling, L.; Zhaoping, Y.; Xuegang, C. 2012. The impact of tour-
ism on landscape vision in nature heritage area: case of Kanas 
nature reserve, Industrial Survey 2: 80–84. 
Yang, Z.; Xiaolin, D. 1999. A study of highway landscape and 
visual impact assessment, Journal of Xi’an Highway University 
19(4): 65–67. 
 http://trid.trb.org/view.aspx?id=651508.1999.12.30
Ying, L.; Yong, H.; Xin, L.; Liqun, D. 2006. Planning of the con-
trolled-construction area in Beijing: establishing urban ex-
pansion boundary, City Planning Review 30(12): 20–26. 
Youbo, Z.; Yue, Y. 2007. The procedure and indicator sys-
tem of the environmental impact assessment (EIA) of 
the general management plan (GMP) for Chinese sce-
nic areas, China Garden (1): 49–52 [online], [cited 15 
June 2014]. Available from Internet: http://kns.ccpd.
cnki.net/kcms/detail/detail.aspx?filename=2008085134.
nh&dbcode=CABS&dbname=cabs2008
Yuhu, Y. 2001. Study and application of the technology of visual 
impact assessment, Environment and Exploitation 16(2): 43–
44 [online], [cited 17 August 2014]. Available from Internet: 
http://www.cqvip.com/QK/97521X/200102/5717567.html
Yu, Z.; Zongfang, Z. 2006. Selection method for credit risk as-
sessing targets in commercial banks via entropy weights, 
Journal of University of Electronic Science and Technology of 
China 35(5): 23–30. 
 http://dx.doi.org/10.3969/j.issn.1001-0548.2006.05.040
chuanan lIu, M.S student, Department of Geography, College of Resource Environment and Tourism, Capital Normal 
University, Beijing, China. Main research areas: landscape design, landscape planning, landscape aesthetics. Publications: 
author of 2 journal articles.
Tong qI, Assistant Professor, Department of Geography, College of Resource Environment and Tourism, Capital Normal 
University, Beijing, China. Publications: author of 1 book, author of 12 journal articles, several scientific publications. 
Research interests: landscape, landscape geography, landscape aesthetics, landscape evaluation, geology.
Xiao Ma, M.S student, Department of Geography, College of Resource Environment and Tourism, Capital Normal Uni-
versity, Beijing, China. Publications: author of 3 journal articles. Main research areas: landscape evaluation, landscape 
ecology, recreation preference.
